Since 1970, burgeoning populations of elk and white-tailed deer (Odocoileus virginianus) in a number of U.S. national parks have created concern about the consequences of policies that limit human intervention in ecosystem processes (Porter 1992 , Wagner et al. 1995 . During the early 1980s, approximately 35% of the Jackson Elk Herd in northwestern Wyoming and 50% of the elk that wintered on the NER spent summer and fall in GTNP (Smith and Robbins 1994) . In 1950, federal legislation more than doubled the area of GTNP and provided for an elk hunt in portions of GTNP to assist with annual reductions of the Jackson Elk Herd. Elk hunts were also conducted on the north half of the NER to control elk numbers. Adult elk that summered in GTNP were harvested at lower rates and had higher survival than elk that summered outside the park (Smith and Robbins 1994) . Accordingly, the number of elk that summered in the expanded park area increased from <1,000 elk in 1950 (Cole 1969) to nearly E-mail: bruce_smith@fws.gov 4,000 in the early 1980s (Smith and Robbins 1994) .
The annual hunt in GTNP, termed an elk reduction program, was controversial (Dexter 1984 , Wood 1984 ). Subsequently, a 1986 natural resource management plan recommended investigating whether reduced or no hunting of elk in GTNP would be compatible with proper management of the elk herd (Grand Teton National Park 1986). This recommendation was predicated on hypotheses that numbers of elk in GTNP would be regulated by density-dependent mechanisms, as reported in some populations of elk (Knight 1970 , Houston 1982 , Sauer and Boyce 1983 ) and other ungulates (Fowler 1987) .
To help clarify processes regulating the Jackson Elk Herd, we compared survival of juvenile elk that occupied GTNP and other summer ranges, and we compared survival of elk that were fed in winter versus elk not fed. We predicted the following: About 80% of the Jackson Elk Herd, and nearly all GTNP elk, are supplementally fed alfalfa hay for 2-3 months each winter (Boyce 1989 1996) . From 15 July to 1 December, elk were located 3 times weekly from towers or 2-3 times weekly from aircraft. Elk that wintered on the NER were located biweekly from the ground during 1 December-i May. Elk that wintered elsewhere were located monthly from aircraft.
During winter 1992-93, we replaced radiocollars on 42 of the 69 (61%) surviving elk because batteries were due to fail or collar materials were deteriorating. Those elk were immobilized with powdered succinylcholine chloride injected via Cap-Chur guns.
The protocol for forensic examination and diagnostic testing of elk remains was previously described by Smith and Anderson (1996) . Cause of death was not determined for most mortalities in winter, because of the longer intervals between monitoring sessions and the rapid scavenging of carcasses.
Population Size
Each February, observers riding on feeding vehicles counted the number of elk wintering on the NER and the 3 feedgrounds in the GV and classified them as calves, females, yearling males, and mature males ( 
Survival Estimates and Statistical Analysis
We used the Kaplan-Meier product limit estimator ( We constructed pairwise log-rank tests to compare survival curves between the sexes and among years (Pollock et al. 1989 ). Neonatal survival was compared between elk born inside and outside GTNP (Smith and Anderson 1996) . We also tested differences in fall and winter survival between calves that summered inside and outside GTNP, fall survival between elk >1 year old that summered inside and outside GTNP, and winter survival between calves that wintered on and off NER. Survival (pairwise log-rank tests) did not differ among years. Consequently, we pooled the 1990-92 cohorts to estimate calf survival for each period and each sex. During 1992, only 2 of 49 (4%) calves we radiocollared summered outside GTNP. Therefore, we pooled only the 1990 and 1991 cohorts to test spatial differences in calf survival.
Hunting-related mortalities were censored to estimate annual survival of calves, exclusive of hunting. When testing differences in mortality and survival of elk ?1 year old from different summer ranges, we pooled elk that summered in GTNP and the NER and compared them to all others.
We used likelihood ratio chi-square to test for differences in distributions of the sexes during winter (Sokal and Rohlf 1981). We used least squares linear regression to examine relations between cohort survival and various environmental and feeding variables. We used SYSTAT software (SYSTAT 1992) for all statistical tests and considered P < 0.05 as significant. All means are presented + standard error.
RESULTS
We captured 164 calves (126 in GTNP, 38 in the Bridger-Teton National Forest) and radiocollared them when <1-7 days old (x for age = 3.6 ? 0.19 days). Twelve of 89 (13%) males and 7 of 75 (9%) females cast their collars prior to 15 July and were censored from mortality estimates (Table 2 ). An additional 19 elk, whose collars deteriorated and fell off before they could be replaced during winter 1992-93, were not included in all analyses.
Temporal Patterns of Mortality
All 56 deaths of radiocollared calves occurred in 1 of 3 time periods: 22 (39%) from birth to 15 July (neonatal; see Smith and Anderson 1996) , 18 (32%) during fall, and 16 (29%) during winter. During fall, 14 calves were legally harvested, 2 were wounded by gunshots and were later found dead, and 2 were killed by mountain lions (Felis concolor) in GTNP in October of 1990 and 1991. Twelve of 16 deaths of calves during winter occurred in winter 1992-93. Carcasses of 15 winter mortalities were ex- Birth date had no effect on neonatal survival (X21 = 0.38, P = 0.57) or whether calves were harvested by hunters (X21 = 1.83, P = 0.29).
Winter survival was higher in early-born calves than in late-born calves (X21 = 4.48, P < 0.04). The effect was reinforced for calves born in GTNP (X2l = 6.99, P < 0.01).
Prediction 4-Annual Variation in Cohort Survival
Survival during winter 1992-93 (0.625) was lower than during the previous 2 winters (0.941; 21 = 17.1, P < 0.01). Winter 1992-93 had warmer temperatures in December and January but more precipitation and deeper snow than the previous 2 winters (Table 5) . Combined December and January precipitation (r2 = -0.99, P = 0.03), the number of days elk were fed (r2 = -0.99, P < 0.03), and mean cohort birth mass of calves entering each winter (r2 = 0.99, P < 0.01) varied multicollinearly with cohort survival of radiocollared calves (Table 5 ).
Prediction 5-Effects of Seasonal Distribution
We found no differences in seasonal or annual survival between calves from GTNP and calves from summer ranges outside GTNP (P > 0.47; Table 3 ). Annual survival for these 2 groups also did not differ when hunting mortalities were censored and only natural causes of mortality were considered (Table 3) . Likewise, survival of elk 1 year old did not differ between GTNP and summer ranges outside the park (Table 4) .
Winter survival of calves on the NER (0.886) was higher than survival of calves wintering off the NER (0.714; Table 2 ). Calves that summered in GTNP were more likely to winter on the NER than calves that summered elsewhere 
DISCUSSION

Sex-Specific Calf Mortality
A ratio of 89 males:75 females at birth in year x declined to 41 males:42 females 1 year later. This male-biased mortality was due to 3 factors: (1) male-biased neonatal mortality (Smith and Anderson 1996); (2) sex-bias in winter range attendance; and (3) calf mortality off the NER exceeding mortality on the NER, suggesting an effect of supplemental feeding. More female calves died on the NER and more male calves died off the NER because of the relative abundance of each sex using those winter ranges. More female calves used the NER than expected because of neonatal mortality of calves born in GTNP, nearly all of which wintered on the NER, was male-biased. More male calves wintered off the NER than expected because females that summered outside GTNP were more likely to produce male calves (Smith et al. 1996) , and calves that summered outside GTNP were more likely to winter off the NER.
Changes in sex ratios can significantly alter growth rates of ungulate populations (Medin and Anderson 1979)
. After 1 year of life, the male:female ratio of calves that summered in GTNP favored females (84:100), and the sex ratio of calves outside GTNP favored males (140: 100). As these yearlings are recruited into the breeding population, the GTNP herd segment has the potential to add 29% more calves per 100 elk annually than the other herd segments, given that midsummer calf:cow ratios are similar throughout the Jackson herd (Smith and Anderson 1996). 
Effects of Birth Mass and Birth Date on Survival
